VEHICULAR REMOTE CONTROL SYSTEM 



BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a vehicular remote control system that 
controls the operation of a device on a vehicle by carrying out communication 
between a portable device and the vehicle using two types of radio waves 
having different frequencies. 
Description of the Related Art 

[0002] A vehicular remote control locking/unlocking system is known from 
Japanese Patent Application Laid-open No. 10-176448, which discloses a 
system in which an LF signal at a few hundred kHz is used as an ID signal 
request-to-send signal, which is transmitted from a vehicle to a portable device. 
Furthermore, the known system uses an RF signal at a few hundred MHz as an 
ID signal, which is transmitted from the portable device to the vehicle in 
response to the ID signal request-to-send signal. 

[0003] Another vehicular remote control system is known from Japanese 
Patent Application Laid-open No. 2000-104429, which discloses a system 
having an ID signal request-to-send signal that is transmitted from a vehicle to a 
portable device. In the disclosed system, when an ID signal transmitted from 
the portable device to the vehicle in response to the ID signal request-to-send 
signal is authenticated, an interrogation signal is transmitted from the vehicle to 
the portable device. Accordingly, when a response signal transmitted from the 
portable device to the vehicle in response to the interrogation signal is 
authenticated, operation of a device on the vehicle is permitted. 
[0004] The system disclosed in Japanese Patent Application Laid-open No. 
2000-104429 has the problem wherein if a transmitter which transmits the 
interrogation signal or a receiver which receives the interrogation signal breaks 
down, transmission and reception of the interrogation signal become impossible 
and the entire vehicular remote control system is rendered inoperable. 
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SUMMARY OF THE INVENTION 

[0005] The present invention addresses the above-mentioned problem by 
maintaining operation of a vehicular remote control system when it breaks down. 
[0006] The present invention provides a vehicular remote control system 
having a portable device side first receiver which carries out reception at a first 
frequency, a portable device side transmitter which carries out transmission at a 
second frequency, and a portable device side second receiver which carr.es out 
reception at the second frequency are provided on the portable device s,de. 
Furthermore, a vehicle side first transmitter which carries out transm.ss.on at 
the first frequency, a vehicle side second transmitter which carries out 
transmission at the second frequency, and a vehicle side receiver which carnes 
out reception at the second frequency are provided on the vehicle side. The 
vehicle side first transmitter transmits a request signal. The portable dev.ce 
side transmitter transmits an identification signal when the portable device s.de 
first receiver receives the request signal. The vehicle side second transmrtter 
transmits an interrogation signal when the vehicle side receiver receives and 
authenticates the identification signal. The portable device side transm.tter 
transmits a response signal when the portable device side second rece.ver 
receives the interrogation signal. Operation of a device on the veh,cle .s 
permitted when the vehide side receiver receives and authenticates the 
response signal. When the vehicle side second transmitter or the portable 
device side second receiver breaks down, transmission and reception of the 
interrogation signal is carried out using the vehicle side first transmitter and the 
portable device side first receiver. 

[0007] In accordance with this arrangement, when the vehicle side second 
transmitter or the portable device side second receiver breaks down, 
transmission and reception of the interrogation signal is carried out us.ng the 
existing vehicle side first transmitter and the existing portable device side first 
receiver. Therefore, even in the case where the vehicle side second transmrtter 
or the portable device side second receiver breaks down, the device on the 
vehicle remains operable without the need for providing special alternate 
means, thereby enhancing the reliability of the vehicular remote control system. 
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[0008] Furthermore, the present invention also provides a vehicular remote 
control system wherein in the case where the vehicle side receiver does not 
receive a response signal and a predetermined period of time has elapsed after 
the vehicle side second transmitter transmitted the interrogation signal, rt is 
determined that the vehicle side second transmitter or the portable device s.de 
second receiver has broken down. 

[0009] in accordance with this arrangement, it is determined that the vehicle 
side second transmitter or the portable device side second receiver has broken 
down when a response signal is not received by the vehicle side receiver unt.1 a 
predetermined period of time has elapsed since the vehicle side second 
transmitter transmitted the interrogation signal. Therefore, a malfunction of the 
vehicle side second transmitter or the portable device side second rece.ver is 
reliably determined. 

[0010] Moreover, the present invention also provides a vehicular remote 
control system wherein the second frequency is higher than the first frequency. 
[0011] In accordance with this arrangement, a bit rate of the second 
frequency is increased by making the second frequency higher than the first 
frequency. Therefore, transmission and reception of the interrogation s.gnal 
and the response signal, which contain a large amount of informafon, are 
completed in a short period of time. 

[0012] A portable transceiver 11 of an embodiment corresponds to the 
portable device of the present invention, an LF receiver 13 of the embodiment 
corresponds to the portable device side first receiver of the present invent™, 
an RF transmitter 14 of the embodiment corresponds to the portable device s.de 
transmitter of the present invention, an RF receiver 15 of the embodiment 
corresponds to the portable device side second receiver of the present invention, 
an LF transmitter 24 of the embodiment corresponds to the vehicle side first 
transmitter of the present invention, an RF transmitter 25 of the embodiment 
corresponds to the vehicle side second transmitter of the present invention, an 
RF receiver 26 of the embodiment corresponds to the vehicle side receiver of 
the present invention, a door lock actuator 27 of the embodiment corresponds 
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to the device on the vehicle of the present invention, and an ID signal of the 
embodiment corresponds to the identification signal of the present invent.cn. 
[0013] The above-mentioned characteristics and advantages of the present 
invention will be apparent from an exp.anation of a preferred embodiment 
described in detail below by reference to the attached drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a diagram showing the overall arrangement of a veh.cular 
remote locking/unlocking system; 

[0015] FIG. 2 is a schematic diagram of the vehicular remote 

locking/unlocking system; and 

[0016] FIG. 3 is a time chart explaining the operation of the vehicular remote 
locking/unlocking system. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0017] As shown in FIG. 1 and FIG. 2, a vehicular remote locking/unlock.ng 
system which locks and unlocks the doors of a vehicle V without using a key 
indudes a card-type portab.e transceiver 11 for a vehicle user to carry. 
Connected to a control unit 12 of the portab.e transceiver 11 are an LF (low 
frequency: for example, 125 kHz) receiver 13, an RF (radio frequency: or 
example, 315 MHz) transmitter 14, and an RF (radio frequency: for example, 
315 MHz) receiver 15. Connected to the LF receiver 13 are three LF antennas 
16 17 and 18 having their axes orthogonal to each other. A common RF 
anienna 19 is connected to the RF transmitter 14 and the RF receiver 15. 
[0018] Connected to a control unit 20 provided on the vehicle V side are a 
locking switch 22L and an unlocking switch 23L disposed on a left door 21 L, a 
locking switch 22R and an unlocking switch 23R disposed on a right door 21 R, 
an LF transmitter 24, an RF transmitter 25, an RF receiver 26, and a door lock 
actuator 27. Left and right LF antennas 28L and 28R are connected to the LF 
transmitter 24, and a common RF antenna 29 is connected to the RF 
transmitter 25 and the RF receiver 26. 
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[0019] The operation of the LF transmitter 24, the RF transmitter 25, and the 
RF receiver 26 on the vehicle V side will now be explained by reference to the 
time chart of FIG. 3. 

[0020] The operation when the situation is normal will be expla.ned first. 
When a vehicle user equipped with the portable transceiver 11 presses the 
unlocking switch 23L of the left door 21 L or the unlocking switch 23R of the r.ght 
door 21 R, an ID signal request-to-send signal is transmitted from the vehicle V 
side LF antenna 28L or 28R. The portable transceiver 1 1 receives the ID s.gna. 
request-to-send signal via the LF antennas 16 to 18 and then transmits from the 
RF antenna 19 an ID signal stored in the control unit 12. The control unit 20 
receives the ID signal via the vehicle V side RF antenna 29 and checks whether 
the ID signal is a legitimate ID signal pre-stored in the vehicle V side control un.t 
20 If the ID signal is a legitimate ID signal, the control unit 20 transm.ts a 
random number signal x as an interrogation signal, together with the ID s.gnal, 
via the RF antenna 29. 

[0021] The portable transceiver 1 1 receives the random number signal x and 
the ID signal via the RF antenna 19 and transmits, together with the ID s.gnal, a 
function signal f(x) from the RF antenna 19 as a response signal calculated 
using the random number signal x in accordance with a program stored .n the 
control unit 12. The control unit 20 receives the function signal f(x) and the ID 
signal via the RF antenna 29 on the vehicle V side and compares the thus- 
received function signal f(x) with a function signal f(x) calculated therein from 
the random number signal x. If the two function signals f(x) match, the control 
unit 20 instructs the door lock actuator 27 to operate and unlock the doors 21L 
and21R. 

[0022] In a similar manner, when a vehicle user equipped with the portable 
transceiver 1 1 presses the locking switch 22L of the left door 21 L or the locking 
switch 22R of the right door 21 R, the control unit 20 instructs the lock actuator 
27 to operate and lock the doors 21 L and 21 R. 

[0023] The operation when the situation is abnormal will now be explained. 
When a vehicle user equipped with the portable transceiver 11 presses the 
unlocking switch 23L of the left door 21 L or the unlocking switch 23R of the r.ght 
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door 21R. an ID signal request-to-send signal is transmitted from the vehicle V 
side LF antennas 28L and 28R. The portable transceiver 11 receives the ID 
signal request-to-send signal via the LF antennas 16 to 18 and then transmrts 
from the RF antenna 19 an ID signal stored in the control unit 12. The control 
unit 20 receives the ID signal via the RF antenna 29 on the vehicle V side and 
checks whether the ID signal is a legitimate ID signal. 

[0024] If the thus-received ID signal is a legitimate signal, a random number 
signal « should be transmitted from the RF antenna 29 on the vehicle V side, 
and a function signal f(x) from the portable transceiver 11 should be received by 
the RF antenna 29 on the vehicle V side. However, if the RF antenna 29 on the 
vehicle V side does not receive a function signal (x) and a predetermined penod 
of time has elapsed since the vehicle V side RF antenna 29 transmitted the 
random number signal «. it can be determined .hat the RF receiver 15 on the 
portable transceiver 11 side has broken down. Furthermore, if the RF 
transmitter 25 on the vehicle V side breaks down, the RF antenna 29 on the 
vehicle V side cannot receive any function signal f(x) even if the predetermined 
period of time has alapsed since the RF antenna 29 on the vehicle V side 
should have transmitted the random number signal x. Also in this case, ,t can 
be determined that an abnormality has occurred. 

[0025] In brief, if the RF receiver 26 on the vehicle V side does not receive a 
function signal f(x) until a predetermined period of time has elapsed since the 
RF transmitter 25 on the vehicle V side should have transmitted the random 
number signal * it can be determined that the RF transmitter 25 on the vehicle 
V side or the RF receiver 15 on the portable transceiver 11 side has broken 

d0Wn - , I^W 

[0026] When it is thus determined that the RF transmitter 25 on the vehicle V 
side or the RF receiver 1 5 on the portable transceiver 1 1 side has broken down, 
,he LF transmitter 24 on the vehicle V side is operated to transmit a second ID 
signal request-to-send signal from the LF antennas 28L and 28R, thereby 
requesting the portable transceiver 11 to transmit an ID signal and settrng the 
portable transceiver 1 1 in a mode in which it receives a random number srgnal * 
via the LF antennas 16 to 18 thereof. The portable transceiver 11, which has 

6 




received the second ID signal request-to-send signal via the LF antennas 16 to 
18 transmits the ID signal stored in the control unit 12 from the RF antenna 19. 
The control unit 20 receives the ID signal via the RF antenna 29 on the veh.cle 
V side and checks whether the ID signal is a legitimate ID signal. 
[0027] If the received ID signal is a legitimate ID signal, the LF transmitter 24 
is operated instead of the RF transmitter 25 on the vehicle V side, so as to 
transmit a random number signal x from the LF antennas 28L and 28R. When 
the random number signal x is received via the LF antennas 16 to 18 and the LF 
receiver 13 on the portable transceiver 11 side, a function signal f(x) is 
calculated from the random number signal x in accordance with a program 
stored in the control unit 12 and transmitted from the RF antenna 19 on the 
portable transceiver 1 1 . The control unit 20 receives the function signal f(x) v.a 
the RF antenna 29 on the vehicle V side and compares the received funct.on 
signal f(x) with a function signal f(x) calculated therein from the random number 
signal x. If the two function signals match, the door lock actuator 27 is operated 
to unlock the doors 21 L and 21 R. 

[0028] As described above, even when the RF transmitter 25 on the vehicle V 
side or the RF receiver 15 on the portable transceiver 11 side breaks down, the 
LF transmitter 24 on the vehicle V side and the LF receiver 13 on the portable 
transceiver 11 side are used as substitutes to maintain operation of the 
vehicular remote locking/unlocking system without the need for special and/or 
alternative means. However, since an LF signal, which has a low bit rate, » 
used for transmitting the ID signal and the random number signal x, the 
transmission time is longer than a case in which the standard RF signal, wh.ch 
has a high bit rate, is used. 

[0029] The same operation as above will be effected in the case where it is 
determined that there is an abnormality when the vehicle user presses the 
locking switch 22L of the left door 21 L or the locking switch 22R of the right door 
21 R. 

[0030] Although an embodiment of the present invention is explained in detail 
above, the present invention can be modified in a variety of ways without 
departing from the spirit and scope of the present invention. 
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[0031] For example, a vehicular remote locking/unlocking system is illustrated 
in the embodiment, but the present invention can also be applied to any 
vehicular remote control system, such as an immobilizer for another purpose of 



use. 
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